The effects of 10%, 30% and 50% nitrous oxide on visual, auditory and somatosensory evoked potentials were studied in seven healthy volunteers. The evoked potentials were averaged from the electroencephalogram following repeated peripheral sensory stimulation of the appropriate modality. T jtfnrirn and amplitudes of the resulting potentials were measured and compared with control values. In five subjects, increasing concentrations of nitrous oxide were associated with a graded reduction in amplitude of the visual (P < 0.02) and somatosensory (P < 0.02) evoked potentials. The latency of the first major negative potential of the visual evoked potential was significantly increased (P< 0.02). Latencies of brainstem auditory evoked potentials did not alter. In the other two subjects the amplitudes of the visual and somatosensory evoked potentials showed graded increase with decreasing concentrations of nitrous oxide, confirming that the changes are dose related. As nitrous oxide is used almost universally during anaesthesia, these changes must be taken into account when assessing variations observed during operation in anaesthetic-related evoked potential studies.
The use of evoked potential monitoring during anaesthesia, to test the integrity of various nervous pathways, has been reviewed by Grundy (1983) . It has been found that enflurane anaesthesia causes graded changes in auditory evoked potentials (Thornton et al., 1983) and that halothane anaesthesia has a similar effect on visual evoked potentials (Uhl et al., 1980) . These authors have suggested the use of evoked potential monitoring as a possible indicator of the depth of anaesthesia. We previously studied the effects of nitrous oxide on the processed electroencephalogram (EEG), using the cerebral function analysing monitor (CFAM), and found that increasing concentrations of nitrous oxide caused a decrease in the weighted amplitude of the EEG (Williams et al., 1984) . In the present study, we extended our investigation to assess the effects of nitrous oxide on brain stem auditory (BAER), visual (VEP) and somatosensory (SEP) evoked potentials, to determine whether dose-related changes occur.
SUBJECTS AND METHODS
Following local ethics committee approval, informed consent was obtained from five healthy volunteers (four male), aged 21 -36 yr, who were members of the anaesthetic unit and EEG department. Before the study was started, subjects were made comfortable in the supine position and silver-silver chloride scalp electrodes were attached to the vertex and mastoid (for BAER), 5 cm above the inion in the midline referred to a midfrontal reference (for VEP), and to the contralateral hand area and over the fifth cervical vertebra referred to a midfrontal reference (for SEP). Scalp electrode impedance was monitored and maintain^ between 1 and 2 kfi.
The volunteers breathed in sequence, for 15 min each: room air, 100% oxygen, 10% nitrous oxide, 30% N 2 O, and 50% N 2 O. The oxygen-nitrous oxide mixtures were administered via a Magill system with a fresh gas flow of at least 8 litre min" 1 from a Boyle Mk IV anaesthetic machine. Inspired oxygen concentrations as calculated by the rotameter settings were confirmed with a fuel cell oxygen analyser. During the recordings all subjects had their eyes closed and verbal contact was maintained
The auditory stimulus was a 10-Hz square wave click of 100 us duration delivered at 80 dB (hearing level) for at least 1024 repetitions via TDH 39 headphones. The visual stimulus was a flash delivered via an SLE photic stimulator at 2 Hz for at least 128 repetitions. For SEP, the median nerve was stimulated with a 100-jts constant-current pulse generator set at 150% of the motor threshold and 2 Hz for at least 128 repetitions. The resulting analog signals were amplified, filtered, digitized and averaged using a Medelec Sensor and stored on a floppy disc using an Apple microcomputer. Filters were set at 100-3000Hz (BAER), 0.5-25OHz (VEP) and 0.5-1500 Hz (SEP). Baseline measurements were made with the subjects breathing room air and subsequently obtained after 15 min equilibration at each gas concentration. For analysis, the following measurements were made: latencies of waves I, III and V (BAER); the latency of the first major negative component and the amplitude from this component peak to the greatest succeeding positive peak occurring before 250 ms (VEP); and the latency of the major negative cervical peak and of the first major negative cortical peak (N20) and the amplitude between the N20 and greatest succeeding positive peak occurring before 60 ms (SEP). The central conduction time (CCT) was calculated as the difference between the N20 and the cervical peak.
Following this series of five subjects, a further two subjects were studied. They breathed, in sequence for IS min each: air, 10% nitrous oxide, 30% NjO, 50% N 2 O, 30%N 2 0,10% N 2 O, air. At the end of each period VEP and SEP were recorded. A computer program MINITAB (Ryan, Joiner and Ryan, 1976) was used for statistical analysis. Linear regression against concentration of nitrous oxide was carried out for each of the measured and derived values described above. A t test was used to test the difference of the mean slope from zero. Data are presented as mean (± SD).
RESULTS
The averaged responses to somatosensory and visual stimulation are shown in figures 1 and 2. The measured latencies and amplitudes for all subjects are shown in table I. There were no detectable differences between evoked potentials recorded when the subjects were breathing air or 100% oxygen.
The waves of the BAER were easily identified in all subjects but, particularly at higher gas concentrations, background noise caused wide fluctuations in amplitude. For this reason amplitude measure- being -0.05(±0.022) (P<0.02), but there was no change in N20 latency. Onset latency of the VEP increased significantly with increasing nitrous oxide concentration (mean slope +0.05(± 0.055) (P<0.02)). Although statistically significant, this increase occurred in only three of the five subjects. There was a significant reduction in VEP amplitude with increasing nitrous oxide concentration, the mean slope being -0.15(±0.06) (P<0.02). Reliable amplitude measurements from subject five could not be made because of unacceptable background noise, although a similar trend was observed in this subject.
Since the observed responses may have resulted from an effect of the time during which nitrous oxide was breathed, rather than the increasing concentration of the gas, two further subjects were studied in whom the concentration of nitrous oxide was first increased, then decreased (table II). The amplitudes of both SEP and VEP decreased with increasing concentrations of nitrous oxide and increased with decreasing concentrations of nitrous oxide, the values being similar for equivalent concentrations.
DISCUSSION
Many attempts have been made to characterize the EEG responses to anaesthesia and relate these to depth of anaesthesia (Clark and Rosner, 1973; Stockard and Bickford, 1975) , but results have mostly proved unsatisfactory because the EEG contains complex information that is difficult to interpret and the changes observed are agent-specific (Stockard and Bickford, 1975) . To overcome these drawbacks, use has been made of automatic analysis of the EEG including Fourier transformation, periodic analysis, aperiodic analysis and weighted band-pass filters (Levy et al., 1980) . Evoked poten-rials might provide an alternative to analysis of the EEG because they sample specific neural pathways, are reproducible and can be quantified in a reliable manner.
Identification of peaks in evoked potential studies such as this, where the amplitude is decreased, can be difficult-particularly in operating theatre conditions where background noise may be increased. To overcome this problem several potentials were analysed where necessary to confirm the measurements. Furthermore, assessment of each patient's recording as a series was found to aid peak identification.
Studies of the effect of increasing concentrations of halothane on the VEP (Uhl et al., 1980) and halothane, enflurane and ctomidate on BAER (Navaratnarajah et al., 1983; Thornton et al., 1983) showed that dose-related increases in both long (VEP) and short (BAER) latency evoked potentials occur with general anaesthesia. Unlike EEG changes, these increases in evoked potential latencies appeared not to be agent-specific. We, too, found a statistically significant increase in VEP latency with increasing concentrations of nitrous oxide, but changes occurred in only three of five subjects, so are of doubtful clinical significance. The earlier studies on BAER also used nitrous oxide and the authors stated that nitrous oxide is unlikely to cause a graded effect on BAER (Thornton et al., 1983) . We can confirm that concentrations of up to 50% nitrous oxide given to healthy volunteers did not alter BAER latencies. However, SEP and VEP amplitudes were reduced in a graded manner following administration of nitrous oxide, and this must be borne in mind when evaluating evoked potential recordings during anaesthesia. These responses were not the result of an effect of time because, in addition, the amplitude of the evoked potentials increased in a graded manner with decreasing concentrations of nitrous oxide.
Amplitude changes in VEP vary according to the anaesthetic agent used. Burchiel and colleagues (1975) reported a five-fold increase in VEP amplitude during administration of enflurane, whereas no change in VEP amplitude occurred with halothane (Uhl et al., 1980) . In our study, we have found a decrease in both VEP and SEP amplitude with increasing concentrations of nitrous oxide. Fenwick and co-workers (1979) found that the amplitude of the cortical auditory evoked potential showed a similar marked reduction after nitrous oxide, while the contingent negative variation remained relatively intact. We find these observations difficult to explain, because they suggest that nitrous oxide has an effect different from those of the more potent inhalation agents, at least for the polysynaptic pathways contributing to the VEP amplitude.
SEP monitoring during administration of nitrous oxide has been used during surgery for Harrington rod insertion (Jordan et al., 1983) and posterior fossa surgery (McPherson, Mahla and Traystman, 1983) . Both groups found that SEP amplitude was decreased, and in one case the SEP could not be identified. Our study confirmed that nitrous oxide depresses SEP amplitude in a dose-related manner and has a similar effect on VEP amplitude.
We tried in this study to minimize the possible effects of sleep by maintaining the subject's attention through intermittent verbal contact. During sleep the amplitude and latency of the flash VEP tend to increase (Ciganek, 1961) , as does the amplitude of the SEP (Goff et al., 1966) . Furthermore, the changes in cerebral activity as measured by the CFAM are different when subjects breathe nitrous oxide or are in non-REM sleep. Increasing concentrations of nitrous oxide led to a significant reduction in CFAM amplitude (Williams et al., 1984) , whereas sleep resulted in an increase in CFAM amplitude (D. A. Ingram, unpublished observations). Since, during sleep, the amplitude of both VEP and weighted processed EEG amplitude (CFAM) are increased, our results are unlikely to be attributable to a "sleep-like" state.
In conclusion, increasing concentrations of nitrous oxide caused a graded reduction in amplitude of VEP and SEP and decreasing concentrations caused a similar increase in amplitude. These effects should be anticipated when assessing evoked potentials recorded during anaesthesia. 
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EFECTO DEL OXIDO NITROSO SOBRE LOS POTENCIALES EVOCADOS VISUALES,
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SUMARIO
En siete voluntaries sanos, se estudiaron los efectos del oxido nitroso al 10%, al 30% y al 50% sobre kjs potenciales cvocados visuales, auditivos y somatosensorios. Se obtuvieron promedios de los potenciales cvocados a partir del electroencefalograma despues de rcpetidas estimuladones sensorias perifericas de la modalirlarl apropiada. Se midieron las latencias y las amplitudes de los potenciales resultantes y se compararon con los valores de control. En cinco sujetos, las concentraciones crccientes del oxido nitroso se hallaron asociadas con una reduction gradual de la amplitud de los potenciales evocados visuales (P<0,02) y somatosensorios (P< 0,02). Se elev6 de manera significante la \mmria del primer potential negativo principal del potencial evocado visual (P< 0,02). No se modificaron las latencias de los potenciales evocados auditivos del tallo cerebral. En los dos otros sujetos, las amplitudes de los potenciales evocados visuales y somatosensorios demostraron un aumento gradual a medida que las concentraciones de 6xido nitroso iban disminuyendo, lo que confirms que los cambios tienen una relacion con las dosis. Cabe tener en cuenta dichos cambios cuando se trata de evaluar las variaciones observadas durante la operadoii en los estudios de potenciales evocados en relacion con la anestesia, puesto que el oxido nitroso se emplea casi universahnente durante la anestesia.
